In zero magnetic field, conductance measurements of clean one-dimensional (1D) constrictions defined in GaAs/AlGaAs heterostructures show twenty-six quantized ballistic plateaux, as well as a structure close to 0.7(2e 2 /h). In an in-plane magnetic field all the 1D subbands show Zeeman splitting and in the wide channel limit the g-factor is | g |= 0.4, close to that of bulk GaAs. For the last subband spin-splitting originates from the structure at 0.7(2e 2 /h), indicating spin polarization at B = 0. The measured enhancement of the g-factor as the subbands are depopulated suggests that the "0.7 structure" is induced by electron-electron interactions.
carrier density is much less than the (Bohr radius) −1 . For short-range interactions a clean 1D system may be modeled as a Tomonaga-Luttinger (TL) liquid where it is predicted [8] that the conductance will be renormalized to G = K(2e 2 /h), with a parameter K > 1 for attractive interactions, K < 1 for repulsive interactions, and K = 1 for a non-interacting electron gas. Other theories [9] [10] [11] suggest that conductance renormalization will not occur because the measured contact resistance is determined by the injection of non-interacting electrons into the wire.
With the exception of recent results, [12] phenomena observed at zero magnetic field in clean 1D GaAs wires have been interpreted within a single-electron picture. Using a modified TL liquid theory [13] that accounts for disorder scattering, Tarucha et al. [12] measured an interaction parameter K ≈ 0.7 from temperature studies of wires longer than 2 µm.
However this is not supported by the presence of renormalized conductance quantization.
Experimentally, residual impurity scattering and weak resonance effects make it difficult to interpret small changes in G as interaction effects.
In this paper we present two pieces of experimental evidence that suggest that interaction effects are important in clean split-gate devices. First, as the number of 1D subbands decreases, we have measured an enhancement of the in-plane electron g-factor over its bulk GaAs value. Second, in zero magnetic field we have observed reproducible structure at approximately 0.7(2e 2 /h). We show that this 0.7 structure is an intrinsic property of a 1D channel at low densities, and that its origin could be related to spin.
Previously from measurements [14] of the transconductance dG/dV g we have determined g , the in-plane g-factor when the magnetic field B is applied parallel to the current j through a ballistic 1D constriction. A zero in dG/dV g corresponds to a conductance plateau, whereas a peak corresponds to the step region between plateaux. The magnitude (but not the sign)
of g was determined from a comparison of the splitting of a transconductance peak in an in-plane magnetic field with that induced by an applied source-drain voltage V sd . When the gate voltage separation of given peaks in dG/dV g of the two measurements are the same, the g-factor is determined by equating the two energy scales, [14] 
where µ B is the Bohr magneton and S = 1/2. When two and three 1D subbands are occupied, the measured [14] g -factors were 1.08 and 1.04, respectively. In this earlier experiment it was not possible to measure g ⊥ (in-plane field B applied perpendicular to j). Trace I in Fig. 1 shows the gate characteristics G(V g ) of sample A in zero magnetic field.
With decreasing gate voltage V g the constriction is narrowed and a conductance step of 2e 2 /h is observed each time a spin-degenerate 1D subband is depopulated. [3, 4] In addition to the last plateau at 2e 2 /h, trace I shows weak structure close to 0.7(2e 2 /h); inset (a) in Fig. 1 shows detail of this 0.7 structure at 600 mK. We have observed this feature in many 1D
constrictions and previously we have commented [16] on this reproducible structure, both in our devices and in others.
We shall first present the magnetic field properties of the higher conductance plateaux, where the application of a magnetic field in the plane of the 2DEG lifts the spin degeneracy of the 1D subbands. When the channel is just defined, it is wide with a carrier density equal to that of the bulk 2DEG and confinement which can be described by a square-well potential. In this limit the channel can be considered to be more 2D than 1D, and the measurement of a g-factor close to that of bulk GaAs provides compelling evidence for the validity of the energy splitting technique. [14] As V g is made more negative the constriction narrows, the confinement potential becomes more rounded, the carrier density within the channel is reduced, and for the last few occupied subbands the anisotropy of the electrostatic confinement within the channel can be described by a saddle-point potential. [18] We, however, observe little anisotropy of the in-plane g-factor as the number of subbands is reduced, and we believe that electron-electron interactions are responsible for the enhancement of g and g ⊥ . This interpretation is in contrast to that [19] in much narrower (< 100Å) 1D wires, where k. p theory can account for the measured in-plane anisotropy of the g-factor.
In Figs. 2 and 3 we present transconductance (dG/dV g ) and conductance traces that show the behavior of the 0.7 structure in a strong in-plane magnetic field. Figure 2 shows transconductance data obtained by numerical differentiation of conductance sweeps G(V g ) measured in fields of B = 0 to 13 T. Due to the presence of the 0.7 structure at B = 0, there is a satellite peak, marked with a star ( * ), on the right hand side of the main transconductance peak that accompanies the transition from G = 0 to 2e 2 /h. As B is increased in steps of 1 T, the satellite peak grows in intensity and the two peaks separate.
At B = 13 T the two peaks have roughly equal integrated areas, and the zero between the two transconductance peaks corresponds to the spin-split conductance plateau at e 2 /h. As a function of B there is a parabolic shift of both transconductance peaks to more positive gate voltage; this is also observed for higher 1D subbands and can be attributed to a diamagnetic shift of the bottom of the 2D subband edge. [20] Similar parabolic variations of the position of spin-up and spin-down Coulomb blockade peaks have been observed in a quantum dot device. [21] The Fig. 2 inset shows the gate voltage separation δV g of these two transconductance peaks in positive and negative B . The splitting δV g is linear in B , and the value δV g = 0.035 V at B = 0 which can be interpreted as a zero-field spin-splitting with an estimated energy of ∆E ≈ 1 meV. We measure both ∆E and the g-factors of the n = 1 subband from the relation eV sd = 2g µ B BS + ∆E, rather than Eq. 0.1. We have also measured linear Zeeman splittings of the higher 1D subbands. Figure 3 shows more clearly, in conductance, the evolution of the 0.7 structure as B is increased in steps of 1 T. The left hand trace at B = 0 T, shows a clear structure close to 0.7(2e 2 /h), which by 9 T has shifted down to e 2 /h. Figure 3 also shows that the structure at 0.7(2e 2 /h) is not replicated at 0.7(e 2 /h) when the spin degeneracy is removed at high B , evidence that the 0.7 structure is not a transmission effect. Figure 4 shows the temperature dependence of the last conductance step. As the temperature is increased from 0.07 K to 1.5 K the definition of the plateau at 2e 2 /h becomes weaker, whereas the 0.7 structure strengthens and becomes flatter. The 0.7 structure is observable even at 4.2 K (not shown) when all the quantized plateaux have disappeared. At present we are unable to explain this unusual temperature behavior, though it might imply that the 0.7 structure is more sensitive to localization than the 1D plateaux. The behavior also provides evidence that the 0.7 structure is not due to an impurity, for example, Coulomb charging would be important if there was "puddling" of the electrons close to pinch-off, but such effects would show a weakening with increasing temperature. Further evidence for the absence of impurity effects comes from measurements where the channel is laterally shifted by ±0.04 µm (using the technique described in Ref. [22] ); there is little movement of the 0.7 structure and no degradation of the higher index quantized conductance plateaux.
Due to the lack of inversion symmetry and the presence of interface electric fields, zerofield spin-splitting can be present in GaAs/AlGaAs heterostructures. Such mechanisms will simply lift the spin degeneracy of the subbands, and for the last subband this will give rise to a spin-split plateau at 0.5(2e 2 /h) rather than at 0.7(2e 2 /h). However, it is expected [23] that the energy splitting will be too small (∼ 10 −2 K) to be important in our devices.
In conclusion, we have measured the in-plane g-factors for the twenty-six subbands in a very clean 1D constriction. In the wide channel limit we have demonstrated a transport technique to measure the g-factor of bulk GaAs. There is little anisotropy of the g-factors in the constriction, and the enhancement of g and g ⊥ as the subband index decreases is indicative that many-body effects are important as the constriction becomes narrower. We have presented evidence that the 0.7 structure is seen in high mobility 1D electron gases, and is not related to impurities. We cannot explain the origin of this new structure, though in a strong in-plane magnetic field we have shown that the 0.7 structure evolves into the spin-split plateau at e 2 /h; therefore, we speculate that there is a possible spin polarization of the 1D electron gas in zero magnetic field.
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